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(54) Method ot cold start-up o1 a PEM fuel cell 

(57) A meinod of heating a cold M=A to accelerate 
cold ataa-up of e P£M fuel cell. The MEA is localJy heat- 
ad from below freezing to a suitable operating temper- 
aturo by tho ©xothemal chemical reaction between 



and Oj on the anode a^c/o^ cethode catalysis. To me!r 
end. Hj is invoducea Into the Oj-rlch cathode feed 
siream ana^or la iniroduced Into the Hj-rich anode 
feed stream 
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Dedcrlptlon 

^0001 J This i« 6 Conlln'jaticn-iR.pan application o5 
Serial No. 09/470.366 tiled on Decembar 22, 1993. 

TECHNICAL FIELD 

I00D2) "r^is laverJon relates :o pem/SPE tueJ cells, 
and n-.ore partlcuiarry. to a meihacf of s'Ating-up such 
fuel cells from subtrcGzmg lennperaTunes. 

BACKGROUN'D OFTnE iMVENitO.M 

[0003} =Jel ceils nave been p^spcssi as a power 
source lor many Bsplicanans. So-cai ed PEM (proton 
exchange membrane) fuel cetis (a k a. SP£ (fioUd poiy- 
n^er siedroiyie) fuel cetia] are patrcularly desirable for 
both mobila (e g. electric vehidas) and «iallonary appli- 
cations. PEM/SPE fuel ceils include ©"membrane elec- 
trode assembly" (hereatier, WEA)corr,prt6ing a ihin pro- 
lofi-conductrve (ie. M'-con3L'crtve}, soJtd-polymer. 
memerane-efeclrolyte navmgan e.tode on one of its lac- 
es ana a caihode on the ooposite face. The solla-poly- 
mer menbranos are lyplcalty made from ion excher^ge 
realns such as perJluoroRased sulfonic aod. Ons sucn 
resin is NAPION'* sold by Ihe DuPont Company. Such 
morr!Drar»es are well knov/n in the art and are describad 
in U .S. Patent 5.272,0"} 7 and 3, 134,S97 as welt as in the 
Journal of Power sourcas. Vol. 29, (1990). pages 
367-3B7. fnier atla. The anode ar\d cathooe typlcaiiy 
comprise ftnefy divided catalytic par.icles either a'one or 
sUDportad on the Imemat and cxtarnal surtacee of car- 
bon panicles, and have proton conduclivB resin Inier- 
mingled therewith The anode and cathoca careiysts 
cover opposite laces of a sola polymer membrane dec- 
irolyte. 

(0004} The MEA is sandwiched between a pair of 
ele-:iflcally conductive current collectors for tna anode 
and catr^ode. The current colleciOre contain channels.' 
grooves on the faces :hereol dafining a How field* for 
distributing the TuQf cell's gaseous rsectams (I.e. H2 and 
Og) over the surfaces oi ihe respectiva anode and cath- 
ode catalysts. Hydrogen Is Ihe anode raaciant (I.e. fuel) 
end can either be in a pure form or derived from the ref- 
ormation of methanol, gasoline or the like. Oyygen is the 
cathode roactant (i.e. oxidant), and can be either In a 
pure form or diluted with nitrogen (e.g. air). The overall 
electrt^chemicai reaction occurring at the MEA under 
normal fuel ceil operation is; (i) H2 la oxidized on the 
anode caiaiyst to form aH-'lons and releasee 2 electrons 
to the external circuli: (2) the ions move through the 
membrane to its cathode side; (3) the 2 electrons flow 
through the external circuit ro the cathode side of the 
membrane where they reduce the on the cathode 
catalysl to form O' ions; and (4) The O* ions react with 
the H* ions on iho caihode ado of the membrane to f onm 
water. 

[00Q5] It 18 deslrabla for many applications, and par- 



tic uf arty electric vehicle aoslications (i.e. to rreet cus* 
tomer expe<::t3:(cni}, ;nai sna 'uei cs'i Be capsbte of oe« 
ing £!ar*eci-up quickly eo ae to be immeciaiely evaJlaWe 
10 produce the energy neonarl to propel ine vehicle wirn- 
5 out significant delay. At high ampfent temperatures (e 
g. about 20 'C or mnro), the ■ uel ce!! slack (I e. piuraiiry 
of individual calls bundled togef^er Into a high voUaga 
pack) can be started-up n a reasor.ac-le amou".! of time 
because electrical currer^t ca.", ^e immediateV c'r£wn 
from the 6t3ck which In turn, causes alenrfca! IR-hest- 
ir>g of lh2 stack so ^u'-ckly ^-.eat up the stack :o te pre- 
ferred oparathg temperature (i.e. about 80 "C). At eub- 
Jroe^trg lemoeratures below about -2S 'C, however, 
raold sta^-up is much more diJf.^ruft. becajse ai these 
»5 temperatures the rate a" which ire overall electf xhem- 
ical reaction occurring at the .membrane*e!8Ctrode-aa- 
sombiy takes p ace Is signi-^'centiy reduced thereby lim- 
tlipg the amount of current thai can bo drawn from the 
steci<. and hercs the iR-healmg that can be hputtes ic 
20 the stack. The precise mechanism for the reaction rate 
reduciion is not known. However, (t la believed to be that 
either (1) the ion ccnducilwHy of the solid pofyf^«' 
mamorane electrolytes is so poor at these temcers- 
tures, (2) or (he effectiveness of the catalysts to electro- 
ns chemically lordze tne erd/o^ Oj is so poor ai these 
temperatures, that no signi'teant artwunl of electrical 
current can be drawn from the si^cK. and r»o corr^- 
spending iR-hea-.tng thereof caf> occur, 

30 SUWWAflY Or THs INVENTION 

[0006] The present invention comprehends a method 
of heating the MEA of a PEM fual cell while It is cold to 
thaw s out sno trereby acceisrato cold etart-up cf th& 

^ fuel celt. The method applies to single calls as well as a 
stack of eucn cans. The Iloi eeU r.ae s WEA thai com- 
prises 3 p'-otOn-coid'jctivg membrane, a cet.'^cde cata- 
lyst supporiod on a first face of the memb^are, end an 
anode cata'vst supported on a second face of the -nem* 

*9 brane opposite lf>9 first face. M accoraarce with trp 
present invention, the MEA is thawed out by locally heat- 
ing U using the heat generated by the exothermal chem- 
ical reaction behwoen H2 and O2 on the anode and'or 
cathode cate!yst(6) which raises the MEA's temperature 

^5 irom a first aubfroozing temperature to a second tem- 
perature which is above ihe first temperature and which 
enhances the rate of the overall elocirochemical reac- 
tion occurring at (he MEA. Mora specifically, the method 
of the present Invention comprises the steps of: (1 ) sup- 

so plying a Hj-rtch gas (e.g. pure Hj or CO-contatnIng 
fefonnate} to the anode catalyst and a O^-rich gas (e.g. 
pure Cj or air) to the catfwde catalyst; (2) introducing a 
sutflctent quantity of H2 Into the Og-rich gas. and/or a 
sufficient quantity of Oj into the H^-rich gas to exother- 

ss mally chemically react the H2 with the Oj, end thereby 
assist In heating the MEA up to a second temperature 
where current can be drawn from the fuel cell; (3) dis- 
continuing the Introduciicn cf such quantities of and' 
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Of O2 alter the MEA reecnes a sultaols temoeraiure al 
or above iha eacond lefriperaiure: and (4) cJrewrng elec- 
trical current from the fuel cell lo assist Ir. completing tr.e 
healing of rns fuel cell up to lis normal cperfe!ing tern. 

Derai'jre. 

p)007) Trie Hj-rich ga^ lha[ Juele ine anode may bs 
the source ot th e Hj provided lo ihe 0 2- rict^ cathode gas. 
end ftif .T.ay be the source 0I :rie pro'/iaea to ihe H-- 
rich gas. Tr.e amount of H2 iniroducecJ Into ir.e Oj-ricn 
gas rs such as would produce a rnx having e hydroger* 
content ot about 0 5% to 86 out 3.5 % by volurro 
concentrations as low a£ about 1% ai-vd as high as 7% 
by votumB (i.e. wher. mixed with ihe Hj-rlch gas) can be 
used when pure Kg Is ihe fuel. V/nen CO-comaming Hj- 
rlch gases (e 9 reforrnate) are use<J, concentrations 
between 2% and about 7% by volume are preferred. 
tOOOSI The tfices of the membrane that support the 
catalyeia each has ( 1 ) a leading edge ihat llrst contacts 
the Oj-richAHj-rich gas (es). artd (2) a traifing edge that 
last contacts Os-ricn/Hj'rich ga&e^ ae the gas (es) tiow 
over the appropriate cathode or anode face. During the 
thawing step of this invention, the Oj-rich and/or Hj-rich 
gases may be flowea across their associated M=A faces 
from :ho leoding edge toward trie trailing edge at a flow 
rate greater that than The flow raiG used tor The normal 
operation of the fuel cell once it has reached ft9 normal 
operating temperature, This higher rate insures that 
much ot the O2 shd'or Hj as appropriate, is/are swept 
downstream of the leading edge to react on catalyst 
downetream of the loading edge so as to heat the MEA 
more evenly ihan would occur if ir^s OyH2 gas ware 
f Jowad at a slower rate and mostly reacted nser the lead- 
ing edge In t nis regard, slow flow rales - ends to Increase 
The residence time of ths O^^Hj near the lead!r»g edge 
wnich causes more of the Oj/H^ !o naact ihereat causing 
uneven heating of the MEA. Hence oy way of example. 
If the flow rate of through a given stack during normal 
operations were 0.01 kg/min., a useful flow rate during 
MEA thawing might be about 0.04 kg/min. SImllarly. If 
the flow rate ot Oj through a given stack during normal 
operations were O.IB kg/mln.. a useful flow rate during 
MEA thawing might be about 0.S4 icg/min Altemeitvely, 
the gas flow channels through which the Og-rlch and 
Kjhch gasee flow could be configured (e g tapered) 
such that the ga» velocity therein cnanges from a first 
higher velocity at the leading edge to a second lower 
velocity downstream of the leading edge which will also 
serve to effect moro even healing of ^e MEA. 
[OOOd] If the fuel cell stack were shut down "wet" (i e. 
wiihfree water present), ice couidform atopthe catalyst 
(s) when the stack is subjeaed to freezing tempera- 
turee. Such ico could block access to the catalyst(s) by 
the H2 Brvi/or O2 and prevent the desired chemicat re* 
action from occurring. In the event of such tclng, it is 
preferred lo warm (i.e. above the temperature of the 
MEA) dry Hg-rich and/or Og-rich gas (as) and pass ft/ 
them through the associated flow fleid(5) for a sufTlclent 
time to device the eaTaly8t(s) before introducing the 
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&r\<i/or H2 Into the fuel or oxidant streams. 
[0010} The pfeseni !nven:iOf>. win setter ije undsrstc-sd 
when considered In the iisnt of tne loiiowt.-.g ae:aiied ce- 
scnption ot one embodiment thereof which is given 
5 nerea^er jr, coniuncfor with the figure in which: 

SRIEr OESCRlPTIDN 0= THc DRAWINGS 

poll] The rigure is a simpllfiec schematic of a fusl 
'0 cen system according to the present thvenlion. 

DESCRIPTION OF THE PREFERRED eVBOOIMENT 

t0012) The figure depicts a simplified schematic of a 
'5 tyel cell system in ecccrdance with the sresert inwen- 
lion. in this embodirreni , a fuel procdseor (e.g. refonner) 
Is used to prsduce e CO-coniaining, Hs-ficn [L.el gas 
AUerna'ilvely, the Hj-rich gas could be sounied frcm 
lanked Hj, adsorbed Hj (e.g. on carbon), or chemically 
so bound hydrogen (e.g. metal hydride). In tne embodi- 
ment shown, a hydrogencontainmg fuel (e.g methanol, 
or gasoline) 2 Is supplied to a fuel processor A (e.g 
steam reformer or autoiha.tnal reactoO I'^at catelyticslly 
dissociates the fiei into en Hg-rich refomaie 6 compris- 
es ing Hj. CO2, HjO and CO. The CO corloni cf the refor 
male 8 is usually '.00 high for the fuel eel! stack 6 to ac- 
corronoaate - so the reformat a € passes one or more 
CO clesH'Up devices 10 which typically includes a water 
gas shift reactor and a preferential oxidation reactor, 
so both of which are well known in the art and do not form 
a pan of thepreGef'.t .r.vention Atar ns CO co.iten: has 
been reduced to saiisfaciory levefs, tne reformete feed 
stream 12 Is fed to tr>e fuel ceH stack 8 As a TinHi CO- 
cleanup measure, a snriatf amount of air (l a. less than 
33 8 % by volume) is fed mio the teed stream 1 2 via a me- 
tering device 1 4 at the entrance to the stack a. Tne me- 
tering device 14 may comprise any one of a variety of 
devices such as a vari^le orifice Injector, a pulse width 
modulated Injector or a tixed-dleplacemeni type device 
<o so long as it Is capable of modulating the flow of air. Tne 
air for the rr.eierlng device 1 4 is provided by a compres- 
sor! 8, end Is neated therein incident to the heat of com- 
pression that is produced In the compressor 16. The 
compressor 1 3 also produces compreseed air 1 8 for the 
49 cathode side of the fuel call stack B which cathode air is 
humidified in a humidifier 20 positioned downstream of 
the compressor 16. A pressure regulator 22 insures that 
the air supplied to the fuel cell B la ei an appropriate 
pressure. 

90 f00l31 In sccorxjanco with tne present Invention, suf- 
ficient O2 (I.e. as a!r) Is provided to the Hj-fich feed 
stream fonhe anode sida of the stack 8 and/or suflicient 
supplied to the Oa-rich feed stream for the cathode 
side of the stack 3 when the stack is at a temperature 

sa belPW about -25 *C to heat-up the MEA(s) In the stacK 
10 a temperature 0* at least about -20 'C, at which latter 
temperature etectitcai current can be drawn from The 
stack and Internal IR heating of the stack begun. Ther- 
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mal start-fp of ;he stack 3 can further be eHeded by 
heaJlngirie coolant (e.g. wii- a combuster) mat rormaily 
circuieio« through the s:ack S to cool R. Once the stack 
B is up to tsmperature. healing ot the Slack coolant is 
discontinued, and it resumes lis normal cooling tunction. 
Preferably, the and/or J&ed for heailrgAii awing 
wtn cor^tinus \o How until iho siacK has reached a tem- 
peret'jre ol at least about O'C lo svpplemeM the IR- 
heatlnd oeicw freezing. 

tool 4) The Oj (e.g. as eiO can convemantiy be sup- 
plied to the anode side of the aieck S via the same mo* 
tering dcvico 14 that i8 used foraoDDlylnflair forthe final 
CO ciean-up. supra, during normal operation of tha 
stack. However, tor tne €xo:^emik: heating purpose ot 
the present Invention, the Og will be euppliedto ine an- 
ooe aide et a rate sufficient \o yield a feed stream having 
an Oj content of at least 2% cy volume ani !ess man 
about 7% by volume. Once the temperature of the ME A 
Is raised sufficiently (i e to above about 0 *C). the 0$ 
How fate Is feduced down to the desired CO-deanu? 
level (i.e less than 1.6 % by volume) Similarly, the Hg 
is supplied to the air stream 2^ to the stazk a vie line 23 
and metering device 28 The Hi will be supDlled to the 
csthoda £130 of the stack B at a rate sufficient to yield 
an air stream 24 havjng an content ot at least about 
0.5% by volyme ana less man about 3.5% by volum.e. 
A Hj sensor 20 monitors the Hj concentration In the aJr 
stream 24, and can be couoled ;o apprcpriatc devices 
tor controlling the flow rate. 
[001S] Because of the cold temperatures. Ilnie if any 
reaction occurs between the Hj ar\d Oj unlii the gss 
slrcarns sre contacted by tne catal>'st5 tnat form the an- 
o=e and ca-noda laces of the membrane. Whan such 
contact Is maoe. an sxoihermic reaction occurs end the 
heat therefrom is iransmittea aireciiy into irte ME A. If the 
Stack was shutdown ' wet', eome ice may form over the 
C8taiyst(s) when the stack is frozen. Such ice fonrnailon 
can inhibit contoa between the catalysis and the - 
Og, but can readily be removed by heating the feed 
stream 12 and air stream 24 and flowing lham over the 
catalyst to melt the Ice and cany away the water formed 
before adfr.ltilng the Oj and to their appiopriate 
streams. 

[0016] While the invention has been described m 
tern^ or specitic embodiments thereof. It Is not Intended 
to be limited thereto but rather only to the extent set forth 
hereafter in the claims which follow. 



Ctalme 

1 , A method of heating a membrane electrode assem- 
bly of a PEM fuel cell from a first subfreezing tern* 
pereture to a second temperature above said 
temperature that enhances the rate ot the overall 
olecirochemicai reaction occurring at the mom- 
brane-eiectrode-BSSdmbiy. said fuel cell having a 
memarBne-elecirode-assembty comprising e pre- 



ton-conducttve merrprane, a cathode catalyst suo- 
porad cn a first faca ot seld rr.erT»pran©, and »r.- 
ode catalyst supported on a second face of said 
membrane opposite eaid first face, comprising the 
s steps of- 

a) suppfying a Hj-nch gas to said anode cata- 
lyst; 

b) supplying an O^-ricn gas to said cathode cat- 
»o aVst; end 

c) inifoduclr.s suf iclent Hj into said Oj-rich gas 
to exoihemiaily chemically react said with 
said Oj-rtch gas on said cathode catafyst to 
heal said membrene-eiectrode-assombly to 

15 said secons' temperature. 

2. The rv^erriod acccrclng to claim 1 wherein said 'H2- 
rtcn gas Is supplied at a temperature that is above 
said 'irst temperature. 

20 

3. The mslhod sccording to claim 1 wherein seid Oj- 
rich gas is supplied at s temperature that ts ebove 
said first temperature. 

55 4. The method accorotng to claim 1 including the siep 
of introducing euR'cient Oj into said H^-rich gas to 
eiothetmaiiy chemically react said 0^ w.tn suJtu 
cienr in said Hj-'-ch gas on said anode catalyst 
so as to further heat satd membrane-electrode-aa- 

30 sembiy to said second temperature. 

5. A method of heatlns membrans-elcctiode-assem- 
biy of a PEW fuel :el} from a first supfreezing :em* 
perature to a second temperature above said first 

35 temperature that en-^ances the rate of the overall 
electrochemical reaction occurring at the mem- 
bran e-etectrode-assembly. said fuel cell having a 
membrana-eiectrode-assembiy comprising a pro- 
ton-conductive membrane, a cathode caialyet sup- 

^0 ported on a first face of said membrane, and an an- 
ode catalyst supported on a second face of said 
membrane oppost'.e said first face, corr^rtsing the 
steps of: 

•IS a) supplying a CO-ffee. H2Hich gas to said en- 

ode catalyst; 

b) supplying an Oj-rlch gas to said cathode cat- 
alyst; and 

c) introducing sufficient Oj irrto said CO-free, 
50 Hj-nch gas to exolhenmally chemically react 

with sufficient Hj In said H^-rich gas on said an- 
ode catalyst to heat said membrane-aleciroda- 
assembly 10 seld second temperature. 

55 6. The method according to claim 6 wherein satd Hj- 
rich gas l6 supplied at a temperature that is above 

said first temperature. 
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7. The meihod according to claim S wherein said Oj- 
rich gas Is su'ppil&o at a ;&?nperatu'e thai Is above 
said tirBi lemperaiure. 

8. The method according lo ciairrn 1 wherein ir»o con- 
centratior) ol said Hj (n said Oj-rich gas is 0.5% to 
3.5% by volume. 

9. The mfiihod accordir.g to claim 5 wnef ein ihe con- 
centre'.ion ot said Oj in seid Hj-rich gas is aboul 1% 
10 aboui 7% by volume. 

10. A metnod ol hoatmci a rrenbrane-eierirode-38- 
semb5y o? a P5M tue! cell from 3 tirsi sub'reezing 
lemperature to a soc&nd ^ewperaiure abcve said 
first tomparature thai enhances the rate of ihe over- 
all-electrochemical raaalon occurring a! ihe rrenv 
brane-eiectrode-asaembty. said fual cell having a 
membraf^o-elecirode-eaeenbly comprising a pro- 
ton-conductive membrane, a cathode ceralyat sup- 
poaed on a first l£ce of said membrane . er»d an an- 
ode catalyst supported or\ a second face oi said 
mertibrane opposite said tlrs! lace, comprising the 
steps of: 

a) si^plying a CO contelning, Hj-rich gas to 
saio anode cata«V£t; 

b) supplying an Oj-ricn gas to sale cathode cat- 

Qf^'st. ana 

c) introducing about 2% to about 7% by voiumo 
O2 into said CO-coniatnmg. Hg-rich gas ta ox- 
oinermally c comically react v/l:h su'WIclen: H2 m 
aaid Hj-rich gas on said anode caislym to heal 
said mombrane-electrode-aasembly to said 
second tcmperaiu'd. 
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Oj-rtoh gas were flowed at said first rate. 

14. The method aocording lo datm 3 wherein aald Oj- 
rich gas is supplied to eald cathode caiaiyei for a 

5 Eutticiant period ol time before the lntrodu«lon of 
said Kj to remove any ice from the surface of eaid 
cathode catalyst that might otherwise impede the 
Hj-Oj chsT-.cal reaction that is to occur on £s5d 
cathode caiaiyst. 

TO 

15. The method according to claim 2 wherein sal3 H2- 
rich gas is supplied to eeld anode catalyst for a suf- 
ficient period of time before the introduction of sa d 
Oj 10 remove any jce {f om the ?urf ace of said anode 

»s catfliysl inat might otherwrse impede ir.e Hj-02 
chemical reaction tnat Is to occur on said anode cat- 
aVst. 

16. The method according to claim 1 wherein said lirsi 
20 fare has a leading e<!ge that Mrsi contacts eald Oj- 

rtch see and a treHing edge that last contacs said 
Oj-rich gas as eald 0;.-rlcn gas Hows over said face, 
and said Oj-rich cas is flowed over said first face 
from saia leading edge toward said trailing edge at 
25 a rate that varleo from a first velociry at said leading 
edge to a second veisciry at said traiiing edge that 
t£ less tnan said firs; velocity (o heat said membrane 
suDstantiaily evenly. 

30 17. The method according to claim 1 wherein eald Hj- 
rlcn gas is the source of said 

18. The methoa accoroing to ClairTi 1 Wherein air is the 
60U!ce of said Oy. 

99 



20 



1 1 . The method according to Ctfttm 1 0 wherein said Hj- 

r'^h gas is suppSiad'at a tempsrsture that is above 
said first temperature, 

12. The method according to claim ^ 0 wherelr^ said Oj- 
rich gas is suppled ai a temperature that ts above 
said first lemperature. 



13. Tne method according lo claim 1 wherein eaid f Iret *^ 
lace has a leading edge that first contacts said Oj* 
rich gas and a trailing edge thai Jas! contacts said 
Oa-rtch gas as said O^-rich gas flows over said face, 
said Oj-rich gas is flowed across said first face from 
said leading edge toward said trailing edge at a firs! so 
rate during the normal operation of said f i;el cell, 
and sBid Oj'fieh gas Is flowed across said first face 
at a eecofKi rats grester than seid first rata during 
chemical heating ol the membnane-electrode-es- 
sembfy whereby more ol said Oj-rich gas is swept 55 
downstream of said leading edqe to react on cath- 
ode catalyst downstream of said leading edge and 
thereby heat said membrane more evenly than if the 
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